Background: No studies have been conducted to clarify an in vivo remodeling 20 of the radiofrequency-treated lesion of the anterior cruciate ligament. The purpose was 21 to determine in vivo effects of radiofrequency shrinkage on mechanical properties of the 22 anterior cruciate ligament.
Introduction

45
Radiofrequency (RF) energy has been clinically applied to shrinkage of 46 capsular tissues in the glenohumeral joint to restore joint stability (Abelow, 1997; 47 untreated bundle. The femur was clamped with the alligator jaw attached to a steel stand, 141 and the tibia was suspended from the femur with the PL bundle of the ACL. A weight 142 was attached to the distal end of the tibia so that a 0.5-N load was applied to the PL 143 bundle of the ACL. The femur was inclined so that the knee was flexed at 45 degrees. 144 The length of the treated bundle of the ACL was measured with a vernier caliper 145 (Mitutoyo, Kanagawa, Japan) at the anterior, posterior, medial, and lateral aspects, 146 respectively. The mean of the four length values was defined as the length of the treated 147 bundle of the ACL.
148
The cross-sectional area of the treated PL bundle of the ACL was measured 149 under the same condition as the optical non-contact method using a CCD camera 150 (WV-BD400, Panasonic, Osaka, Japan) and a video dimension analyzer (HTV-C1170, 151 Hamamatsu Photonics, Tokyo, Japan), which was reported by Yamamoto et al. (1999) 152 Briefly, the medial femoral condyle and a portion of the lateral femoral condyle distal to 153 the ACL insertion were resected for visualization with the video dimension analyzer. 154 The femur was attached to the stepping motor and a constant tensile load of 0.5 N was 155 applied to the ACL by suspending a weight to the tibia. The femur was rotated with the 156 stepping motor at 5-degrees angular increments through 360 degrees, and the onto a conventional tensile tester (PTM-250W; Orientec, Tokyo, Japan) (Fig. 2) . The 165 tibia was flexed at 45 degrees against the femur. The knee was rotated approximately 90 166 degrees toward the internal direction to remove the normal distortion of the ACL (Woo 167 et al., 1992), although the loads were not completely applied to all portions of the 168 bundle during tensile testing. Two parallel lines were drawn transversely on the surface 169 using nigrosine stains as gauge-length markers for strain measurement. The distance 170 between the 2 lines was approximately 7 mm. Before the tensile test, the specimen was 171 preconditioned with a static preload of 0.5 N for 5 minutes, followed by 10 cycles of 172 loading and unloading (3% strain) with a crosshead speed of 5 mm/min. Then, each 173 specimen was stretched to failure at a crosshead speed of 20 mm/min. Elongation in the 174 ligament substance was determined with a video dimension analyzer using the 175 gauge-length markers. We determined the tensile strength and the tangent modulus of 
Histological observations 180
In each limb intended for histological observation, the femur-PL bundle-tibia 181 complex was resected and fixed in a buffered 10 % formalin solution, decalcified, and 182 cast in paraffin blocks. For each block, we set a microtome so that the midsubstance post-hoc test demonstrated that, at 60 degrees of knee flexion, Group S0 was 205 significantly shorter than Groups S6 (p<0.0001), S12 (p<0.0001), and the control group 206 (p<0.0001), while there were no significant differences among Groups S6, S12, and the 207 control group (Table 1) . 208 209 210 The PL bundle of the ACL was obviously shortened immediately after RF 211 treatment. The treated ACL appeared to be more translucent in Group S0 ( Fig. 3-A ), compared to normal control. In the treated groups, the PL bundle of the ACL was 213 enveloped by thin synovium-like tissues in Groups S6 ( Fig. 3-B ) and S12 ( Fig. 3 -C). In 214 these two groups, the treated portions could be distinguished from the other portions in 215 the midsubstance. 218 After the RF treatment, the ANOVA demonstrated a significant difference 219 (p=0.0098) in the PL bundle length among the 4 groups (Table 1) . The post-hoc test 220 showed that the length of Groups S0 was significantly shorter than that of the normal 221 control (p=0.0037) and Group S12 (p=0.0038). There were no significant differences 222 between the normal control, Groups S6, and S12 (Table 1) . 223 Regarding the cross-sectional area of the PL bundle, the ANOVA demonstrated 224 a significant difference (p=0.0263) among the groups. The post-hoc test showed that 225 Groups S0 were significantly greater than Groups S6 (p=0.0065), and S12 (p=0.0237), 226 respectively. There were no significant differences between the Groups S6, and S12 227 (Table 1) . 230 In tensile testing, failure modes showed that five specimens were torn in the 231 midsubstance of the bundle in the control group, while all specimens failed at the 232 midsubstance in Groups S0, S6, and S12. Only the specimens torn in the midsubstance 233 of the bundle were used to determine the mechanical properties of the PL bundle. The 234 stress-strain curves indicated that obvious differences were observed between the 235 control group and the other 3 treated groups (Fig. 4) .
Gross observation of inside the knee joint
Tissue dimension of the posterolateral bundle of the ACL
229
Mechanical properties of the posterolateral bundle of the ACL
In tensile testing, the ANOVA demonstrated a significant difference in the 237 tensile strength among the groups (p<0.0001). The post-hoc test showed that Groups S0, 238 S6, and S12 were significantly lower than the control group, respectively (p<0.0001). In 239 addition, Group S12 was significantly lower than Group S0 (p=0.0159) ( Table 2) . 240 Concerning the tangent modulus, the ANOVA demonstrated a significant difference 241 among the groups (p<0.0001). Groups S0, S6 and S12 were significantly lower than the 242 control group, respectively (p<0.0001). Group S12 was significantly lower than Group 243 S0 (p=0.0032) ( Table 2) . Regarding the strain at failure, the ANOVA revealed no 244 significant differences among the 4 groups (Table 2) . reported that relaxation forces first increased after the RF treatment, and then decreased 306 after cyclic loading. Although their studies were an in vitro study, our findings were similar: shrinkage after RF treatment and, increased laxity after surgery. In this study, 308 the anterior-posterior translation of the knee was significantly reduced immediately after 309 surgery, but that this effect disappeared at 6 weeks. As to clinical relevance of this study, recently, a few clinical studies dealing 329 with the electrothermal shrinkage for the elongated ACL have been reported. Thabit were lax but in continuity, using a RF device. They described that the KT-1000 332 arthrometer value was within 2 mm of that for the normal knee in 23 patients at the time There are some limitations of this study. The first limitation of this study is that 356 we used the rabbit ACL. However, we must recognize that the absolute values shown in 357 this study are not completely equivalent to those obtained from the human ACL.
358
Secondly, this study dealt with the uninjured ligament to obtain the most fundamental 359 effect on the ACL. Therefore, we could not precisely refer to the effect to the injured 360 ACL. However, the mechanical properties of the injured ACL have already been 361 deteriorated. Therefore, we can speculate that RF treatment for the injured ACL may 362 additionally reduce the deteriorated mechanical properties. This may increase the rate of 363 ACL rupture. Thirdly, limitation was that we could not quantify histological findings. Table 1 The 
